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TEST ASSEMBLY OF G-E 10,000 KV IMPULSE GENERATOR FOR NEW 


WORLD'S FAIR, 


. | : : 44 Sy is a > 
wn, ess 
Le SS ti i 


GEP-167 


Le 


— c nee em 
coats 5 5 Kawes 
—s a ¥, 5 
ili A « 
oes ee al > Fe 
aaa ead ae? & a ane 
NR id de wate i : 
paslgtseir > Bi LOL EE : a9 we 
” 7: 7 
ee | ho 


IMPULSE TESTING EQUIPMENT 


aes 


Because. lightning surges have been responsible for+ 
the majority of insulation failures and interruptions of 
service on electric systems, it is generally considered 
essential to design apparatus and lines to withstand 
impulse or surge voltage as well as normal frequency 
disturbances. : va | 
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Impulse testing permits manufacturers of electric 
equipment to obtain complete test data on new designs. 
to make studies of impulse strength of apparatus. insula- 


LARGE TRANSFORMER RATED 287,500 VOLTS BEING TESTED AT tion and to make thorough acceptance tests on equipment.’ 


BUSHING FLASHOVER (1,430,000 VOLTS) UNDER STANDARD A.1.€.€. Sei, Tee 

IMPULSE TEST, | Many public utilities are finding impulse tests ex 

Rs : | tremely valuable for investigating the effect of over- . 
: | voltages on their circuits: a | 3 


For these purposes, the General Electric Company 
offers complete impulse testing equipment. With this 
@quipment the violent disruptive effects of natural 
lightning can be safely reproduced by releasing, for 
a controlled period of a few microseconds, the stored 
energy in a series of capacitors. previously charged at 
high voltage. The extremely low reactance of the capa- 
citors makes it possible to obtain impulse currents of 
the same order as natural lightning: 7 
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Rc While various circuits are available for produc- 


ing high impulse voltages, the best known and most 
commonly used is the so-called "Marx" circuit wherein 
| = the capacitor banks are Charged in multiple from a. 
- | : | moderately high-voltage d-c supply, and at a predeter- 
| : | = mined time, are discharged in séries; The impulse 
IMPULSE iy aici a| aad generator circuit in simplest form is shown in Fig. 3. 
D.C. CHARGING GENERATOR = | 3 7 Near 
SET 
SIMPLIFIED IMPULSE GENERATOR CIRCUIT 


HIGH VOLTAGE TRANSFORMER Rp OIVIDER RESISTANCE ape 
OSCILLOGRAPH PLATES Rg SHUNT RESISTANCE of : 
TEST PIECE Rg SERIES RESISTANCE ~ 
CHARGING RESISTORS C IMPULSE GENERATOR CAPACITANC 


See ol Acme, eae 
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FIG.3 SIMPLIFI &D CIRCUIT 
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General Electric impulse generators provide an unlimited. 
number of wave Shapes, including those recommended by the 
Ay Ts Es Ev The three wave shapes that. have been commonly 
Usead aie: | : 


1 x 5 microseconds | 
ie ox LO miLeroseconas- 
11/2 x 40 microseconds 


The first number refers to the wave front and represents 
the bime in microset¢onds for tac wave vo rise from Zero to 
Crest voltage. The second number vepresenus the Eime in micro— 
SseConds, measured from zero voltage for the wave to Gecay To 
helt. of 408 cresG value. | 


dn accordamee With tae Ccondiuions of Ene test and the 
nature of the test sample, breakdown may cause the voltage 
wave to be chopped on the tail, crest, or front. By proper 
arransement of tne Civweult constants amd tne impulse volvage, 
wave front tests of, for example, 1000; 1500, or 2000 kv per 
microsecond, may be readily performed. 


Impulse generator equipments are usually arranged for 
indoor permanent installation, .Sets up to 1500 Kv may, how= 
Cviem. be made portable eivmer by means of a smaii- seit -con-— 
“beined truck or by mounting on an automobile truck or trailer. 
Where equipments may be used out-of-doors, special provision 
must be made for housing certain parts and to protect the set 
as €@ whoole from. severe. weather conditions. 


FEATURES OF G-E IMPULSE GENERATORS 


i. The contro equipment is furnished WECh COMTACtS HOR poss — 


Bive interlocking wath safety devices (gates, signal lamps, etc) | 


provided by the purchaser. A grounding switch automatically 
grounds both sides of the impulse generator when charging power 
iS wUrneGd Off . | | 


2. All parts of the equipment are readily accessible, thus 
@eecreasings the time end work required for changeovers, such .. 
as paralleling sections of the generator. 


Ss Complete control is obtained and alll parts are visible . 
from one operating position. 


47 With vie automatic timing unit, a series of discharges from 


the impulse generator at uniform intervals may be obtained with- | 


OUL ALGenNtiOn From tne operator; This also makes it possibile 
for tne operator to ooserve the apparatus under test from any 
position he desires. co 
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. pee ine impulse generator may be synchronized with the exci- 


tation voltage of the apparatus under Test, Derm tilme Cia. 
charge at a predetermined part of the 60-cycle wave. 


6. The sphere gaps between capacitor groups may be adjusted 
simultaneously by remote control, thus varying the impulse 


yoltage without delay. 


Yee AN assortment of non-inductive resistance units provides 
for any desired wave shape. | 


@. Ine assembly is compact, requiring relatively small floor 
Boece, and saving on building investment: The equipment can 


readily be added to whenever desired to increase the voltage 


eae energy ratings. 


THR IMPULSE GENERATOR 


Fig. 4 shows a typical impulse generator circuit; also the 


sequence of operation of the following principal parts: 


A. Main capacitor assembly, including charging re- 
Sistors and sphere gaps for series discharge. 


high-voltage dc supply for changing the capacitor. 


Complete control equipment for operating the 
impulse generator. 


A cathode ray oscillograph for observing and 
accurately recording the impulse voltage. 


Wave-shape control resistors, including 4 voltage 
divider for obtaining the impulse voltage by ratio 
on the detecting plates of 4 Cathnode-ray ogcillo-— 
graph . : | 


Vi ppime univ, fOr iinitaa pan] the discharge ‘and 


co-ordinating the operation of the generator and 
oscillograph. 3 


MAIN CAPACITOR ASSEMBLY 


The main capacitor assembly consists of a number of indivi- 
aya Pyranol capacitor units, theix arrangement Cepending upon 
the final selection of the generator rating and the d-c charg- 
Ing voltage. -The discharge energy available is a function of 
the series capacitance and the total vOltage selected. -Tyoucai 
Characteristics are shown in Table 1 (Page 10) 
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FIG4 SEQUENCE OF OPERATION OF THE TESTING EQUIPMENT 
THE 3-ELECTRODE GAP @), THUS BREAKS DOWN AND THE RESULTING HIGH POTENTIALS 


4 : 


|. OPERATING PUSH BUTTON CONTROL SWITCH(@)CAUSES CONTACTOR @)TO CLOSE, _ ACROSS THE REMAINDER OF THE SPHERE GAPS CAUSES ALL TO BREAK DOWN, THEREBY - 


THEREBY ENERGIZING THE D-C CHARGING SET OF THE IMPULSE GENERATOR. APPLYING THE FULL SERIES IMPULSE VOLTAGE TO THE TEST PIECE. 


2, BY MEANS OF REGULATORG), THE CHARGING VOLTAGE IS BROUGHT UP TO THE DESIRED COINCIDENTAL WITH SEQUENCE 5. AN IMPULSE FROM THE TRIPPING UN € ALSO 
CHARA VIOUSLY THE SPHERE GAPS@)MUST HAVE BEEN ADJUSTED TO WITHSTAND THE BREAKS DOWN 3-ELECTRO DE GAP @) IN THE OSCILLOGRAPH, AND. INITIATES. 
ee ee | THE TIME - AXIS CIRCUIT. ie i ee | 


TO Oe DISCHARGE OF IMPULSE GENERATOR, OPERATOR CLOSES INITIATING | AS THE CATHODE RAY SWEEPS ACROSS THE SCREEN, THE IMPULSE WAVE POTENTIAL IS 
SWITCH () ON THE OSCILLOGRAPH. | | APPLIED ACROSS THE DEFLECTING PLATES (© THROUGH THE VOLTAGE DIVIDER RD. 
INITIATING TRANSFORMER ©), THEN BREAKS DOWN 3-ELECTRODE GAP() WHICH THUS AN OSCILLOGRAM IS OBTAINED OF THE DISCHARGE, | 

IMMEDIATELY ASSUMES THE POTENTIAL OF THE CAPACITOR @), ) 


. THE VOLTAGE OF THIS IMPULSE IS TRANSMITTED TO THE TRIPPING UNIT WHICH APPLIES A 
HIGH VOLTAGE IMPULSE TO 3-ELECTRODE pare ON THE IMPULSE GENERATOR. THE 
INITIAL IMPULSE ALSO OPERATES ATHYRATRON CONTROL CIRCUIT WHICH INITIATES THE 
CATHODE RAY IN THE TUBE. : | 
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CHARG- NO..OF _ | #PLOOR MIN. "Minne 
KV RATING ING KV, CAPACITOR **EQUIV.DISCHARGE SPACE HT. CLEARS 
OPEN CIRCUIT D-C GROUPS ENERGY KW--SECS PT. FT. ANCE PRR 


1010 LOO” (Bo Se es er 
800 100 sOC; 6,00 10. 
LOOO MOG SOO 250 16. 


3 
Z 
6 
1500 100 3 (b0 se 75 24.75 8x 
2060 100/200 00 25 00 33. 10 
3000 200 15 15.00 57.50 49. 10 


“These dimensions include only the main capacitor assembly 
and make no allowance for testing space or the control 
equipment. | 


shor each ky rating, Senerators of thirec oe ee energy 
OM ads are available. 


| For the smaller, lower-voltage equipments (below 1000 kv) the 
-Gapacitor units generally awe conventional rectangular metal cases 
“Fig. @. These are usually assembled on insulating supports, with 

the gaps and resistors assembled at or adjacent to the capacitor 
terminals. Fig. 6 shows 4a portable equipment being used for field 
SIG UICC = 


The larger, higher- voltage Soci ouente (1000 kv and above) are 
Mougslily DULITE With Capacitors tier have cylindrical cases of Hérko- 
lite insulation, with base and cover plates of the same material. 
Pee 1 Tubular rings at top and bottom provide & means of secur- 
ime the cover plates and terminal connections and also Serve as 
Sea -distributing shields, providing high flashover Strengtn. 


The capacitors are stacked one above another with Herkolite insula 


ing cylinders between them, forming a selr- “Supporting column. 


Mie. S shows & typical assemoly of a Ze00 Ky Senecrayor, 
consisting of four columns of capacitors mounted on a steel base. 


Pig. 9 shows a similar equipment with generator rated S000 kv. 


The structure is further strengthened by a rigid fei cin 
framework across the top, as well as by the metal connecting rods 4 
‘and Herkolite resistor-supports between columns. : 


Charging resistors are so connected between adjacent capaci- 
bors (Or groups of Capacitors) as Go alow the capacitors | GO De 
charged in parallel and also to allow them to discharge in series 
through the sphere gaps. These sphere gaps are conveniently lo- 
cated in the center of the generator, readily accessible and easilj 
adjustable by means of either a remote-controlled motor-drive 


G-E 600-KV, 0,042-MICROFARAD PORTABLE IMPULSE GENERATOR 


LOO KV 


G-E PYRANOL CAPACITOR RATED 0.33 MICROFARADS, 
D-C, FOR IMPULSE GENERATOR APPLICATION. 
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, 49.5 KW-SECONDS. 


CENTER-MAIN CAPACITOR ASSEMBLY. 


RIGHT-WAVE-SHAPE CONTROL RESISTORS AND GAPS, 


cai hert anata ante aree 


G-E IMPULSE GENERATOR, RATED 3000 KV 
LEFT-CHARGING EQUIPMENT. 


FIG.9 
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G-E 2200-KV IMPULSE GENERATOR, SHOWING 
INITIATING UNIT IN FOREGROUND. 


Bor Sesloele manual -control at. tac wage Of, the Senereronrn | Gee 
mespacings may be. indicated by a Selsyn indicator located. on the 
— control panel. | 


E A wide range of capacity and voltage ratings in complete 

impulse generator equipment is made possible through the avail- 

Meebility of individual Capacitors of three different capacitances -- 
mamety: O.10-mu f, 0.20 mu Tf, and 0.565 mi £, cach of wien 1 
Besifened for service at 100 ky d-—-c, Capacitor Uldbs, bOsepier 
Tin tne necessary auxiliaries, may be added to existing equip- 
Meat at any time it is desired to increase the teabing. Capacitor. 
groups are readily arranged in parallel for higher-current test- 
ing and for further control of the discharge wave characteristics. 


BIGH-VOLTAGE D-C SUPPLY 


ihe kenotron rectifier for supplying the dc ener eine voltage 
a is ecnerally supplied in One Of two ratines -- ive., 100 ky or 
e200 kv and is designed so that both polarities are available: 
pince the load is relatively small -and intermittent, half-wave - 
mecvitication is generally supplied, although ful?- swave rectifi- 
€ation can be furnished if desired, | | a 
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It consists of a combined main and filament transformer 
ain a common tank with the kenotron tubes mounted on the high- 
voltage terminals, and with a sturdy insulated supporting struc- 
pome ©Or the anode. connections and sericse resistore, .A WO@eky 
halr- BUEVC Ulitas sowm at the DiS Gag tole abe Oe 


fm 
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The main transformer is equipped with a So senuiel CO 
so placed with respect to the high-voltage winding as to determine 
aeecurately, by ratio, the potential of that winding. A voltmeter 
used with the potential COL, permite Girect readine of te 
actual voltage applied. to the impulse generator. This can be a 
Geest voltmeter, af so specified. 


All winding terminals are conveniently located on the main 
transformer cover, for connection to Ee control; panel. | 


| An automatic, solenoid operated Gus OREEE Pon. tnperiloecked 

With the main supply CONUaCTOr, Short Circuits the capacitors and 
dissipates the residual charge “when the equipment is de-energized. 
This is a safety measure for the protection Ot Operarere: 


CONTROL EQUIPMENT 


VOltage applied to the generator is controlled over tie 
complete range Irom zero to maximum by an induction voltage 
regulator. This regulator may be hand-operated direct from a 
handwheel located at the control Panel > or may ge OWN -Operated 
With @ remote GOntrol switem on tne panel. . : 


F1IG.10 G-E 100K%-KV, HALF-WAVE CHARGING UNIT FOR 
IMPULSE GENERATOR, WITH CONTROL PANEL, | 


Se 


lhe main control panel may be furnished 1m The benchboard 
type or as a single vertical unit. This Perel (at richt in 
bee. 10) Ancludes: 


A main supply contactor with BUSA -YuctCn Contro. 
Hand-reset overload relay, with current transformer: 
Filament rheostat and voltmeter | 

D-C ammeter to indicate charging current — 

Voltmeter to indicate charging voltage ~~ 
Auxiliary control switches and indicating lamps 


mh Yeactor limits the charging current supplied by the 
UCC ULiAcr Sine 13 6 designed as to permit a continuous series 
OF: Operations of the Senerator. 


Fig. 11 shows the control equipment on the Daned of a 
complete portable d-c charging unit. + | : | 


WAVE SHAPE CONTROL RESISTORS AND VOLTAGE DIVIDER 


The desired shape of the impulse wave is obtained by means { 
of non-inductive resistors assembled, on insulating Supports, both © 
in series and in parallel with the test piece. They are furnished 
in a wide range of values and ane mechanically interchangeable, 


making it easy to obtain the desired value of resistance, 


The voltage divider, Rd. shown dlagrammatically in Dae 
and 4 constitutes one of the parallel resistance assemblies. I+ 
is connected directly to the test Piece and grounded, EM COus he 2 
Siiilelded cable, to a tapped resistance in the OSCilMLoOgraph: ©The 
Ohmic value of the wapped resistance is equal to the surge im- 
pedance of the cable, thus eliminating reflections. By select- 4 | me Liu) 
ing the proper tap a suitable oscillogram deflection is obtained. , i v2 ei 
This resistance-type divider is the Simplest and most practical m 1¢/. 
for general impulse beSting. : | 


i? 


fb 18 Penerally possible to obtain the desired wave shape 
and impulse voltage by adjusting the seriés resistance, Rs, and 
the divider besistance, Ra. However, for voltages near the maxi- 
mum output of the set, the shunt resistor Rg is required to mini- 
mize the voltage drop across Rs to the test plece. 16 may be 
more conventent to leave the divider resistance fixed at a high 
Value and control the wave. shape by means of Rs and Re Only. 
Therefore, the shunt resistance assembly, Re, is included as 
Standard equipment. : 


PEP iING UNaT 


P eeippine writ t- 16 provided to insure dependable: initiation 
of the generator discharge and to co-ordinate this operation with 
that of the OS cil tosrap hy, | 


FIG,11 G-E PORTABLE D-C CHARGING UNIT AND CONTROL, 
FOR 1000-KV IMPULSE GENERATOR, 


FIG,12 


2- Observation 


Winton rn 3 cording 


Camera 
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G-E PORTABLE CATHODE-Ray OSCILLOGRAPH, TYPE HC-15. 
FRONT VI EWING WINDOW cLoseD. 


egies 


The Faitiation impulse may be applied by a push button 


_ located either on the control panel or oscillograph panel, or it 
pmay be initiated by the automatic timing unit described below, 


fo this is incorporated: in the COmnt rot > Wine initiating impulse 
causes the tripping unit to impress a high-voltage impulse Ons 
the initiating Sphere Cap of the generator, giving dependable 
and consistent fare. : oes 


bg desired, the initiation cireuit may be 80 arranged paect 
the impulses applied to the apparatus unger tesG are Synchronized 


pwith the normal-frequency excitation ViOltace Of Ena t apparatus. 


Maus, imouleses may be applied near the Crest, Of either polariey. 
of- the normal-frequency excitation voltage. This. requires a 
Synchronous high-voltage switch which must be specified as a 
Separate item. This switch is Griven by a smal Synchronous 
motor, with provision for adjustment to obtain the desired timing. 


Automatic Timing Unit 
er 


( 


The automatic timing unit may be. set to trip the generator 
auvomatically after 4 predetermined Charging period. Thus IES) 6 IL 
ive impulse voltages of constant values may oe applied. to the 
apparatus under test in Shorter intervals and more accurately, 
than if the set were tripped by hand, ee ee 


CATHODE-RAY OSCILLOGRAPH 
ee 


The unit of time in the work of impulse testing is one 
miliionth of a second. Within ten microseconds ig included a 
great portion, and within one hundred microseconds practically 
all of the work in this field. The only instrument Suitable for 
both the measurement of voltage amplitude and the recording: of 


wave shapes within this very short-time range, is the cathode-ray 


oscillograph which has a practically unlimited recording speed. 


In an early form of this OscCiVlogvasn, oF the cold2catmoac 
iE WIOS 5 late recording photographic film ig located inside a vacuum 
chamber, and a complete Evacuation equipment is Supplied with 
each oscillograph. At frequent. invervada during the progress of 
a test, this chamber must be OPemed Lor fim removal, a new film 
Inserted, and pe-eyacnats on and pressure. adjustment repeated. 


the exposed films are later developed and not until then can it 


be known just what the Pe COVGS! COmMbaim.. 


=o. We modern Gok cathode-ray oscillograph is of the hot-cathode 
type. It retains the high recording Speeds of the early form, Dias 
requires no: evacuation egulomenh. -it aso provides for simul tane— 
ous viewing and recording of the wave Shape being measured. This 
oscillograph is shown in front and rear views in Pies 12" and abs 
respectively. Designated bye TiC =o. ee asa complete with og¢eil- 
lograph Cube, recording Camera, Calibrating and CO - OV Cina tae: 
auxiliaries and control panel; 
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: Type HC-15 oscillographs have now been in use since IEC) 

on a wide range of work including both Pe Curr line and On| Te CUr Dita 

phenomena. The same oscillograph with proper voltage. dividers 

nas been used for Sulgc VOlvages: from two wiilion down to two 

thousand volts. It is especially well adapted to commercial ac- 

ceptance tests because of the feature of simultaneous WAS Uae. ame . | | 

photographic pecording. It heseeilae pean used for surge analysig i Zp | di : —, —— , 

Of Circulis and machinery with considerable Saving in time and | eeeor Ing — : x 1-Cathode- 
expense over the cold-cathode oscillograph. ees | i LeaMera | S — ray tube 


es SU BE 


The deflecting element of the oscillograph is a beam One a S34 ee oe O78. -E 
high-velocity electrons (cathode-ray) normally on the longitudina] § sh ete ee 6=69-D-c 
axis Of a highly evacuated, sealed glass tube (Ll in Fig. NO) ae | : a (a T, BP | : ; 
This ray is generated and Sharply focused in. a hot-cathode €lectron § S- Oscillator eelioration 
Gun at the small (lower) end of the tube, passes upward through | | 
tne Cield of two right-angled sets of deflecting plates, aive Om 
through the large (upper) eng’ of the tube until it strikes the 
tamer surface of a glass window, which is coated with a screen of 
fluorescent material. The high-vélocity electrons Str ilcino ephae 
Material cause 4a bright -green trace which is easily viewed or 
photographed through the glass, The observation window Pe) in 
mie, 12) and the cancre (5 in Fig; 12 and IS) are at the top of 
the panel board, 
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6-Time-axis- 
circuit unit 
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THE AUXILIARIES 
I a lagi 


The auxiliaries required aré located on Convenient shelf- | aS i See A | pee ere 
trays around the tube, within a Portable steel cabinet which is 4-Cathode am yi Ws ot ae “pty <a | - pee eis 
© 6c, wide, © feet deep, and o EOeE high. excitation- = at ot SS ae | : : 

Dive cCathode-excitation-circuit Unit (4 in Pig; PS), s ve CEO uot 
double-wave, a-c to d-c vacuum-tube rectifier circuit which pro- 

WiGes an UNVaryine source of 15 Kilovolts for the high-velocity 
electron beam. Across this high voltage is connected a non-induc- 
BEV - tapped-resistor-type, voltage CiVAGer from which are talon 
the required intermediate voltages for. cathode beam COMUrO a 
control-grid-rheostat provides fOr Variation oF voltage from 
complete beam Savusorn FO full IMvensi by... Pocusing potential 

«18 independently adjusted through a Separate rectifier Civ cule 
For recording, where high beam-writing SSS US iain Required. tise 
cathode voltage ig conveniently. reduced. by a control panel-rheo- 
Scac. he yoltace in use ¢5 indicated on a panel-board instrument. 


7-Time-axis 
initiating 
Unit | 


The beam-initiating-~eircuit unit (5 in Fic. 16) im addition 
to providing means for automatically Starting the electron beam, 
aso dimits ite torel time duration. in this manner possible 
damage to the fluorescent screen through over~exposure is pre- 
vented. ee ane 


G-E PORTABLE CATHODE-RAY OSCILLOGRAPH, TYPE HC-15, 
REAR - WITH COVERS REMOVED TO SHOW INTERIOR, 


funne 


;- Deflection Plate Calibration 
Voltage Applied 0-250-50-750 


Time Axis Calibration 
2- Frequency Applied 500,000 Cycles 
per Second 


3- Full Test Wave ( id by 40) 


4-Chopped Test Wave (15 by 40) 


Time Axis Calibration 
5-Frequency Applied 5,000,000 Cycles 
per Second 


Wave Front Flashover 
6- Voltage Applied about 1,000,000 Volts 
Time to Flashover about 1 Microsecond 


HC15 CATHODE RAY OSCILLOGRAPH 
SPECIMEN OSCILLOGRAMS 


FIG. 14 
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eS a full font Wave of 11/2 x 40 shape, 


savor Unit is; provided (8 in Pig, 13) 


—25 — 


| The time-axis-circuit unit (6 in is ee, 
Ene Seb On Corices ion plates which are used to move the beam 
across the screen for the time-axis. This deflection ae merce 
uniform and of the required speed by adjustment of the CATO CUT 15 
constants from the panelboard. This unit is automatically con- 
trolled, as to S Paivie, = toironch the time-axis-initiating Tiaaety 
(10 ie Ro 1s) = 


Le COmmMec pee ro 


Por calibrating the time-axis, a variable frequency oscil - 
Through panelboard con- 
trols, this oscillator is ceonnectéd to the time-axis-circuit 


deflection planes and adjusted to the required E Re quicivear: 


A direct-voltage calibrating-circuit-unit (9 dn Fao eae ee 
provided for the deflection plates. This voltage is adjusted to 
the required value,. and connected, through panelboard controls, 


All these units are compactly built in the cabinet and per- 
manently wired to the control panel. he equipment is so diate 
buted and shielded that interference effects are eliminated» — Mae 
Pear Covers are removable, Siving easy access to alt Un eee 


The record size depends upon the camera used. Cameras may 
De SuCpitcd tor. 1 te 1. 2 to tr, OF 5 tO 1 reduction om amie 
fluorescent screen image. For general purpose work, including 
Impulse testing, the S to 1 reduction i. recommended. Wathen 
camera high recording speed is possible and convenient smali- 
Saeed icieims sie vised 


“THE RECORDS 


The HC-15 cathode-ray oscillograph lends itself to almost 
any kind of oscillograph record required, as shown in Big. ae 
EroMm TOD tO bottom, in record 1 4 Sample of deflection pila. 
Calibration on direct voltage is reproduced, 2 18 a reeorce cme 
typical time-axis calibration using 500,000 cycles. 3 reproduces 
while 4 shows this same 
Wave on a faster time-axis and chopped by a rod gap flashover. 
Oo is a record of another time-axis calibration using Oo, 000-0060 
cycles. 6 is a reproduction of a wave-front flashover which 
occurred in 1.0 microsecond on a wave front of 1,000 kv per 
microsecond. : 
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